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(57) Abstract 

A nitride semiconductor device used 
chiefly as an LD and an LED element. In order 
to improve the output and to decrease Vf, the 
device is given either a three-layer structure in 
which a nitride semiconductor layer doped with 
n-type impurities serving as an n-type contact 
layer where an n-electrode is formed is 
sandwiched between undoped nitride 
semiconductor layers, or a super lattice structure 
of nitride. The n-type contact layer has a carrier 
concentration exceeding 3 x 10" cm" 3 , and the 
resistivity can be lowered below 8 x 10" 3 ncm. 
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o. 3 Ga o . ,NJ:!345pi^t$'7'g28?r3 0Oty^ h n— AcDfiglpT? 
fifeS$ii:5o d<Z>pffi!l*ir s^Ji2 8 p S^i&^Sr K-T'LfcJgfc Lfc2*, JB£ 

VK-ytLtfeg< > St>»*U<ttp^*fifeSrK-^LfcSir-rs 0 pflll 
H^i2 80»0. l//m«T, $f.lC#4L<li5 0 0t^hn 
-A#T> St»»*L<tt3 0 0^^h n -A^TtCliS-r5 o 0. l/*m 

^Al GaN«*<»riM-5a : .LD*^tt3BJSU^-<< t a o YflftfS 
O. 2^±©Al y Ga 1 _ y N-rfott(i5 0 0^-V^KT3— ^gt^igg^-^ 
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(pfllbtetf-f KJg2 9) 

^yK^ty^^- x)Sp-(R!Jdr-1r5'7 0 S2 8 «fc «9/h§V\ Mg2rl 
X 1 O'Vcm'K- T'LfcpSGaN.ttJ^SpftiJJfe^ KJS2 9&0. 1 

F'i26i|^C<GaN, I nGaNfM^tSi^SMSU^ *fc, n 
£>J1 ttp {Rills' K®3 0Sr^;S$^5^©^5'P'ret LTt>ffMBU 1 0 0 

'<P«*7y KJB3 0) 

Mgfcl'xi 0 20 /cm 3 K— /UfcplA 1 o ; a Ga 0 . 8 Njf. 20 
tV^hn-Ai, Mg * 1 X 1 0 1 Vc m s K-^LfcplG a Nf, 2 0 
ty^bn-Ai &3££iQ0HI l-c * 5 mm& 0 . 8 *z m(^M?I J: •? * 5 
P1^7?KI3 OSr^S^-frSo -©i»nffl^7S' KJg2 5 tl^C<^ j rJ) 

T 3 -tfrSfc UTf^ffl-rSo ^©piSJ^^y KJB3 O0jRVt>ttK:lRfiL, 

fcV^S, 1 0 OX-lsf*. ho — AJBJLk* 2jimJ£TF. $ £>|E#* b< Hi5 0 0;T 

(pfiJ=»V^^ M3 1) 

ffc&fc:, Mg S: 2 X 1 0 lo /c m 3 K-7"LfcplG a N± 9 ?5:5 piny^ 
^ Kg 10 Sri 5 Oify-tr* ho- J*<DmW~Zl&&-Z:*£Z>* vM^ls?? hJgl* 
5 0 ho— AJ&tT, $&Jr0*L<«4 0 Oahi^^ ho— -k^T, 

2 0 itlsrx. h o — AUi hlc009&VMrt:S t , P JRffi&bSSih £ < fcft'BMB: 
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i *»j£t-s*2oa^«^roF2 3<o*s^ttj$its, **mmmtvm 

mm^S i O.J:9*.S|ft|Wt3 5«r»lftU t©lS«|8 5«H,Tp«i3 

C^JSM6] SMILED 

T> b'—7G a N//7V K-^A IGaN/Si K-7°G a N//7V K- 
7°GaN 

^iiM i {cfcv %r , « 2 <Dltfb*2fmtftj| 4 j***^ siSrixio'y 

a o. 90 N®£r2 0*-J^* H=-Aj«ftS*-c, ^CD^T& 2 5 0 EW«**» 
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* fc#9MH#-CH: LED. -FJimcoV ^TtftW Lfctf, *^W»*S3fe*^ 

T V K— 7"G a N//S i K-7°N1G a V K — ZfG a N 

$3&m<omi&teM 1 C5L ED^fiD 1 121 1 \C^rrm&m 1 <h: NSa 

HifsMl t^HI^5'77g2^gi, TMG©*Jtftt, i&a?S:1 0 50t 

^GaNiS/feSgll Ofgte4fc¥3£#Jg 3 «: 1 . 5 j£ m<D 

0 C C~1 1 0 O'C-ej^SS^ I n x A 1 V G a ,_ x _ y N (O^X, O^Y, X 
+ Yg 1 ) T*«fig7?$ % -^(Dafigtt^iCRg p fc©T-tt*V>^ > L< fSG a N, 
XM& 0 . 2 E*T<E> A 1 X G a , _ X N i: ^^R&O^/iV^fb^^g 

l£Lk2 0 ^ mJ^T<^^T^ftS-fr-5 0 r<Djg{*T V K— ^ 
(m2<5mui»¥^«4) . 
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«WC1 0 5 OtT% TMG. 75/*=7^, ^tttt^lC^V^^ 
t\ Si K— y©GaNI%3 (imOlD|T^fJti5 0 -©^2CD^fb^^ 
*l4<,In x AI y Ga,. )t . Y N (O^X, O^Y. X + Y^l) % 
*«>»«»4W2:BI 5 fcOTtt*!,^ L< f*G a X^O. 2£TF<Z>A 

TG,N*TJ««*«t. *t!JrjttBlxlO"/cm-e, &ffl*tt 

5X1 0~ 3 Q • cmffcofc. 

ftfc^^^o^SrJh*!), 1 o 5 Ott«LT7y K-^G a NJ: 

WlftiStln.AivGa^N (0SX N O^Y, x + YSl) T«* 

-tWlBrtfiWKIHIifeOTttftV^ »*U<ttG aN , XKttJo. 2 
KTCAI^,,.^ *fcttY«a«0. lttTOIn y G ai . T Nit5ilj! 

•*kw>**v *mcto*mi*mim ^ i n g . N s-sr* ± , * 

-OLEDtfl4)»|Sli22 0mA|^^ 5 2 0 n mODMif^^3t^^ 
U t77-f7fflEJ:|CG a NJ: 9ft6Ajr77lfc, Si K-^G a N«fc 9 & 
■ 6N ^ aV ^ ^-iWFffitOInGaNiO^ffiiii^ Mg 

K-7AlGaNJ:9ft4p^ 5y Kii:, Mg K-rGaNiDftiPfla 
* Hg i atJKliM $ Jxfcft3tE0jft&«* L E JDKtm LT, 2 0 mAIIti 
»**Vf3rO. 1-0. 2VfiTS*, «**5%~10%|fiFJ:S-*«J:4:as-e 
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K-^I n 0 . 05 G a 0 . 95 N//S i K-^N^G a N//T^ K-^G 

a N 

-ftfa-em* Sr§0»fLfc^c7>EI) l^-mi6M5 tNSny?^ hJi^j&j^i* 
^-^^ hP-AOGaNii9^y77l2 ®S£r 1 O 2 

iBc^T. 1 0 2 0t:r^*ffi^^f^ic->7^xSrffiV\ S i 4- K-^LfeNS 
GaN^^^S^2co^t:^^^S2 3Sr^fi$^:S« ^C0jgjfc£& 5 X 1 
0" 3 Q • c m"C$>ofc 0 

3 COS^^^M 2 4 ) 

^i-^JSSr8 0 OtldTTM I % TMG > T>^e— TtrfflVVT:/ K— 7 I n 

(nffl!l^7S/Ki2 5) 

2fclC i 020tiax, s i Sri x i o 1 V c m a K-ytfeNlA 1 o. 2 
Ga c . 8 N@. 4 0ty^hP^^, JyK^GaNi, 4 0ty^h 

(nflIWK!2 6) 

«eWr. S i Sri X 1 0 19 / cm 3 K-^lfcnSG a NJ:»}ft5n«^ 
KJl2 6Sr0. 2/zmC0KJ?-e^:ft$^So ^^nffi03fc^ KS26J*, SttS 
(O^t^S^i YMt LTffMBU GaN. I nGaNSr^S^ri^SiK, 
il?£l 0 0^-V^ ha— // m, $blCif*L< f*2 0 O^rl/V^ hn — 
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S i K— 71 n 0 . ol Ga 0 ag N £*) %Z>mmm& 5 O&ls-yx hv—Atnggif 

3g (MQW) t-TSo 
(piKI^^S'7 0 a2 8) 

ifc^ 1020tTTMG, TMA, T>~e=7\ Cp2M g SrfflKgjtS 
±9 fc^yK^ty^^-^ttv MgSrixi 0 20 /cm 3 K-^L 
fcpSAI„ 3 Ga 0 . 7 Ni»)45pil*t5'7 ,, l28S:3 0 0^y^hB- 

O Q*yr* ho— AETF, KI430 O^-^^ ho-A£tTI^S 

A 1 «>ffl/£tt;2S*#^A 1 G a NgfS?<?g^-rS tLD^|J^L J H-< &-5 0 
Y^SO. 2£t±OA 1 v Ga ,. Y N-CfcJlS5 O O^i/^X ho-A 

(pM:*^ KJ1 2 9) 

10 20tT, Mg%lX10'Vcm'K^LfcplGaNJ;94 

KS 2 6 £HaC< , 1Si<£m<VK#^ b-mt LTtfMBU G a N. I n G a NT/S 
fi$*5ri;i3I4L<. lOOt^FP-^S/im, L < fit 

2 0 0 * h n - A~ l // m ©llfTfigfi r £ LV \, r (0 p 
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(pfiJ^^yKISO) 

1 0 2 0°C|r*3V>TMg$rl XlOVcm 3 K-/LfepiA 1 0 . 2 
s Ga 0 . 7s Njg4 0^->^ hr>—J*t. 7yK-7"OplGaNl4 OJr^y 

£r*fcg$it5„ icoSttnffiJ^vs' Kl2 5 tM D< 3r-r y Tffl Diifcjgi: LT 
MgS:2Xl 0 2O / /cm a K^LfcpiGaN<t»)45pi3y^ 

M3 1t, p<H^ 7 y Kf 3 O t ^xyf y/LT, 4 n m©^ f^-f^"^*- 

w-rs y y-yaHKi-rs. #i-stsi«t 9 t±cfe5A 1 sr-^tp&fti&^NiWS 

•v^SrTUtfU 02{ci^-rj;5{-^ h7^7^©y yi*te#LT;tefr*ttWe:U 
T. NSS3 4Sr?g^r-<#^2 60^b^^JB2 3^®Srgtt|$-fr5 o 

ikk'y yi>*ffio^Ei;N i / a u «t ►) P mm 3 2 sr^-rs 0 t 

iiAl J:») %5Nli 3 4 Sr^ h /ft©f 2 Og-ffc&I^flwJl 2 3 <Df£l£ 

£ffi\zMf$rf-?><, m£-£mtfe8 0%Ek±<Dffiffi&\,^5 o ro9.fc 5ir P ®®3 2 
Jcjy Lt£&^tl 2 <aa<b!lb¥*ttJI 2 3 Sr^tH S-BrX , -t 03|B 2 com 2 3 

pm«l^nm@^©PBl{-S i 0 2< fc!3ft5*&i&lUg3 5&gjftU CODiS&ig^ 
3 5 <Ht"L-Cpm^3 2 irl|^6<Jirg8KLfcAu i945p/^ K«^3 3 Sr?g 
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ft BB LT, *<D&mm «r*«S«:m*i-5 0 A&HBBiK: Si.0 2tTi02.tt3 

4 o 5 nmoaaessK^flkB^tv, 5 o o^ra«±w*^^L, &%i<omt%> 

TV K—:70 1 n o. o 5 G a 0 . 9S N//S i K-^NgG a N//7f K— 7°G 



a N 



*i£#J 7 fcisv ^T, m 3 <?&fb*¥*ft« 5 8 0 o tte b-c 

TMG. TMI, W=7M»V TVK->In 0 .„G. 0 ..„N*t20 

© & «#-r a r t as-c# s„ xkhk sihsi 3 o&b&HMte 1 

X 1 O 1 c m 3 £*T©«5BBT- K-^ LT *, T V K-^RJfc LT y - > m.ffi<D& 

©TV K-7» I n G a N/S i K-^NfG a N*fcttS«&^«ig/T V K-7» 
G a N * 7.y K-^-G a N/S i a N*fctt<i«H4lfiS/T^ K— 
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tmmm 1 o ] m^^mmmmm led 

T > y I n G a K— rfG a N//S i K— :/G a N//7* >" K— 

a N 

#Cfr, 1 0 501CT% TMG, 7y*=7^SO!S i^SrfflV\ SiSrl 
XlO'Vcm'K-nfcSi K-/GaNf^2. 2 5 ^ mjfcft £ 

^■LT. 1 0 50°CT. TMGS.IP7-^ce=T^S:ffiV\ T^K-^GaN 
8Sr2 O^-y^ hn- .Ajfcft**, t^T 8 O 0"C©lfCTM 1 , TMGS 
UTT^=T^SrfflV^TTVK-^I nGaNSrl 0/zm^«^-B:5 0 rcoi 
SUlUT, 7yK-7"GaNii545AlSr2 0AJ:, T 1/ K— 7* I n G a N 
d»b*SB^5rl0Ai:?r2O Jg-ro^Zfc&Jg LT, «NKff 6 0 0 A©iS1&? 

T3lffi0i| 1 0 fiO L E D Srffc®! L-/c„ 

Kjh^j: 5 ic LTfpig Lt=.mmm 1 o <D«^«jgL edii mmm 7tmm 

[*j5£0fjl 1] HJlfiSJUSigLED 

7yK-/GaN//S i K-7*NlGaN//S i K— 7*G a N 
^S0»J 7 fc*3V>T, m 1 <DmitW¥m#m 3 S i lXlC'/cm 3 K— 7" 
U Sl2(^fb!&^#JgG a N4KS i &8 X 1 0 l8 /cm 3 K—:TU f&3 

C«ffiMl 2] Z1WILED 

S i K-7*GaN//S i K — ^NlG a N//7V K— 7*G a N 
5ll&M7K*5VNT. ^3 0D^ft:«g;¥-^^5|rs i ixi0"/cm a K^-7° 
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^> ^ 2 C5tft%^ft:^G a N 4 11 S i ^ 8 X 1 O 1 «/ c m 3 L, f&l 

tmmm 1 3 ] =mamw& led 

S i K-^G a N//S i K-7°NSG a N//S i K-^G a N 

X 1 O'Vcm'K-yU S&2<©3g{t&¥3§WlGaN4KS i £r 5 X 1 O »■ 
/cm 3 K-^ , Lfc£WttR*|!iLT*^Sr»riEL.fc 0 y — *«K|£|S 

[sKEttfl 1 4 ] m&*=mmmffimL e d 

7>K-^GaN/S i K-^GaN//S i K^GaN//7> K-^G 
a N 

mmmi 4®LEDij: > £tteg 1 t mm?. lt, ^7ri2 t^j* t^ts, 

5 n mOlfl^f^tS. 

»C(C 10 5 CC-C. TMG, 7^7^XVS i ^*«v\ Si^l 
X10"/cm a K-/LfeSi K-7 , GaNl«r2. 2 5^m^Jt5ri: 

^V">T> 10 5 OtTf, TMGSV7i' i e=7^^VNT7y K— 7°G a N 
£7 5ym^;g$i3r v ^iSttTMG, 7^=7^U!S i #^*fflV\ s 
i&lxi 0 , Vcm'K-/LfcS i Y'-zfG a N®Sr2 5*>r^ Fn-A 
fiE«£-B:5 0 ^<OJ:5ICLT, T^K— :/G a N;o>t>Jfc5Ji£ 7 5AiS i K— 
^G a N«J: 0jfe5JBfc2 5AtSr2 5Si*O^Sl^|®LT, |&!gU?6 O 0 A 
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2. JLfBNS="V^^ MiSGa N^fe^e!!), iSaNM^FM^t LT S i 2* K 

G a N*fcttA 1 G a Nt?fc5— ^ ^-cr>g| 2 Str^L.T^$tbS^b^^ 
WT^K-T'CGaN, A 1 G aNtfcttI n G a N-Cfc5iM?JS 1 fB&<Z>S 

4. JhBBNSJ^;^;? I-gflSS X 1 0- s Qcm*?^C0g*t^S:*-t-5lt*« 
2 "* tt 3 M(DtiM3«MNMt«3fe*?. 

7. ±1HNlay^ ^ bg))S v G a N/G a N, I n G a N/G a N, A 1 G 
a N/G a N*3 itf I n G a N/A 1 G a NCD^a^t?-e:d>e)glff*I<5^-fli^e 
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1 o. JiENffin^^ MiiSI 1 iii^ 2 «rtt5 Nl^feS: K-^ 

£*K ^^lffit^2®{CgLT^^tv5^b#)^^^^< t^if 

1 ^b#;^^®dSG a N*fct*A 1 G a NT*)5-^ 
2j5tgL«$^||3 ©Itt^iSG a N, AlGaNSfcttlnG 
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